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Uncovering the Amazing Regularities among Hyperon
“Resonances was a principal HEP activity for 25 years

- o JP analysis for 1-10 GeV/c .}{*{p scattering
e “3 satteri gmj data from P()l&"f‘s?(*{} Lﬂ“ggééizﬁ o
e [ixtensive phase shift analyses of large data sets showed

mixture of narrow and wide states over wide range of
L INAsSes . | .

- Models for ‘*{[T( )1)1"0 31{.11‘10 (*ﬁ@(:‘r% o

© What insight did the data produce?



-_"-Table 1 The atsatua of the A and X res anances Only those mth an- :
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B :_‘ Nobel Pnze for Umtary Symmetry
e SU(3) relations for decays |
| ’m empmcal mass rela,tionshlps

.. but no umf)nﬁg theorehcal structure for sp@ctm widths.

~ Still, the regularities areeompeumg there IS a structure.

QCDumSpired models Were qmte successful in orgamzmg

| Capstzckandlsgur (986)
:'@ color- x’mnﬁ model

e constituent quark rmwmzii rrm ate gjzw {-ﬁfcwt% set from
meson spectroscopy g

Rl zelc}ulzvzwm coim{mzzs ‘m po e‘m idl 1’3’10{1{*1

- TheGOODNEWS |

e jf.a same model ﬁtc; all meson amd ba,ryon spectra,

e hyperﬁne sphts in mesoncs ba,ryons arlse from same physws o
- and have same size B - -

S _.a spm»orbzt effects are buppzebsed as Obb@W@d






but the BAD NEWS

. fcn* mor(, st &fes thm paﬁl(’l(‘% ( elec’rzon mle mmmg‘?) |
a model, IlOt full QCD cmkul&tzon R
‘® fh@ A(MOJ) pmblem por%zsti (1& 1‘(‘ re ally a C;ud bta‘rcﬁ)

~ Where are we now?

- T here auro no new re*%ult,s at aj.l on J\ aﬁd Z osonanf:*m The’ .
| ﬁeld ;temalm a’r a %‘fﬁnd@hll G

PDG Hyperon Resonance' : __
Sectlen of Ba,ryon Llstmgs L

I% ac)wf(‘z Jllva I()li p()%ibi(‘ b@‘t i:wc n o q and 5¢
S 1 @ :‘t r O%(’_‘Op‘,”? | |



 HQETad N,

 Problem: too many degreecs of freedom in 3 ®3® 3 and' .

m&%es are too 11g,h‘r foz pertnrba,tzve QCD
. '_Observed regula,r;tzes 111 hyperon spectra suggest selectlonf |
' SRR rules B UL S

Look in places Where there 18 even more symmetry for -
. B mszght _.

| '_ HQET Qqq system separates heavy quasrk degrees Of o
o freedom from qq |

e extended Symmetry 1mposes new Selectlon rules

o -'?a qq system has Spmwﬂavoz symmetry tha,t restrlcts states

e meson baryon structure ldentz‘ty for qq m m

BUT HQET isa relatzonal theory
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Co Flavor SU (3) wmght daagram for the 3 spmnl /2 eiqg] baryons ’I‘he
. - corresponding b gq} baryons are the A, 5, and 2 E].The vertical direction is
- hypercharge, and the horxzontal d1rectmn is: Ig, the thzrd component of :sospm

: - 0 __-“'!0. - o

Flavos SU{S) we:ght dmgram for the 6 apm«l / 2 and Spm 3/2 g{qq}-

baryons "The corresponding b{gq) baryons are’ ‘the spin-1/2 P Ot B and -0

Qb ,-and their spm—3/2 partnets. The vertical dn‘ectwn is hypercharge and the
homzonta.l dlrectmn is Ig, the t.hn‘d mmponent of § 1sosp1n U
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TABLE 1.’I‘heig st [ying charmeé baryons [g 12] The 5}) &ﬂd I‘bltaj a‘ﬂgﬂi?},r m()]nenfun} )

:'qﬁaiﬁfuin: nﬁrﬁBér% 3}: : 61115/ deﬁneé in Lhe quark modei ‘and are mcluded here for gmdant:p o

S -_Isospm and qtra,ngeness re ._denoted respectweiv bV I and S The angulm mamentum of the P

rrors on baryon miasses

o -:.__..-.themselves ratiler than repnrtmg the (more accurately mea,sured) mas& .differenges
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B ':-':_* HQF}T dOC‘S not d(‘*ﬁm ‘masses or 5})]}’5’(11115%"&3 -
| quatk Iii()d@l ig rc*qmred to do‘((“zmmv 01 dvr of qq mul‘u; .

plets in m or[ T |
| "_":-9 HQET dOe% not relate relative tmnsitzon strength& for

- diffc:*rmt J P

o @ HQbI Cozrectzom of Of{‘d@l 1 / mf; “can le &tates of drf—f_

o fer@n ]é, (aﬂecfts Wldth‘% ior e:xampl)

E ;'Lé-am‘fréiﬁ eXperlment ?;ekcita;tms;a;re‘ ~me

o Introduce zdeas of chiral gymmetry fOf 1owmenergy pmn

transztmns __ L

| GOAL rel&te observed sphttmgs Wldths a,nd selectzon ._i L



c HQET combmed Wzth ch1ral perturbation theory relates .

W1dths to hght«qua,rk quanmm numbers

R :9 rela tes pure st taites of dzﬂe}:ent ﬂcwor only in ’l"(;‘rmc; Qf : om; i
. mon ohzral form fa(tor - e T

e %ubje(‘f to I)robloms due fo mmr}g fmm 1/ m, ¢ 01“‘@*10?1‘5

@ (,hira,l e a,le ln*mt on [F ]mm OK foz (/*? {6] atatcsf’

f-'a J P asszgnments for states babed on quark model |

| E ~ not measurem@nt i

o Where are the { ] Stcﬂ?eS? | :

| '_.: | _ : 0 Where are the mzssmg smwa,ve states for D?
S :_:::a Wha,t abO‘th Q states? L

SER RN :_ -"'-:e How much mlxmg is there between states due to correC-'"f- * ' ':_ 

tions‘? Ll T e

IS ANY oF THIS RELATED TO HYPERON e
- SPECTROSCOPY‘? e L



o Capstick-Isgur méde'l'shéws striking interdependence

o -: @ {md m = 22(3) i 20 \Iv\f .

VL f PFCL? 

o h*«: (lmz‘tz; wmh‘rimzf qu‘k 111&;% fmm D MEson Mass

OE_T z:f;ud(*l:'

e use all c:sl}m pdz dm@t@m [z om nonmc}rmmz \Ih,&a

d at (fi

Correlamon between qqq a,nd cqq ﬁts’?
ThlS is only a model Better theory for qqq systems‘?

fi%ﬁjbﬁhb%\YTLHI/\ \JY%>HELAiMst*’“"

e Jenkms and co~w0rkers Study chzra,l and SU( ) break«» .

mg eﬁects by ordermg m N expanswn

e . r@esta,bhsh empzrlcal mass rela,tlozzs to lea,dmg order in

1N,

R .: o calcalate hlerarchy ofc c:ompaﬂsons and tests of ﬂavor sym-«r o

metry Wlth good results






4

G




H()PFI UL s (;\ mR FUTURE o}‘ ’1‘ Hw \

WHAT ABOUT E}XPFRIMENT? _ o e

. -_:.:'.'g Wha,t about the [\( 1405) |
B wdoesn’t ﬁt m Capstlc-kJsgur scheme SR
iy A(1400) the analog of A“‘"(2594) or IS 1t a mlxturev .

Wlth KN bound state ha,dromc amplztude’? .

S f i Campare HQET»—vzolatzng d@C&YS A+ nd A(MOE))

e"*" +v and A""}“ - A(1520) b et + I/

; | _  ? ~—~— Make Szmllar studzes n Ab decays o
e :.i v Do hlgh«sensmmty Dalztz plot analyses of A"i" --—> Zﬂ"ﬂ“ R

and = - LK. Is A(1405) seen?

B -_';-;e Learn to moabure quaﬁtz;{m numbers of cha,rmod or beauty' o

e baryon exmtations to c:heck theory

R "All thlc, Work I(,C]U.IIC‘S oxtc,ns}ve supply of c,ha,rm (or

beauty) b&l yozzg

S e ]lfcharhtrfgtb-»faftcrzas LI



